Introduction
The primary goal of the Department of Energy's K-12 educational project, Adventures in Supercomputing (Ais), is to foster and enhance the participation of diverse populations of high school students in mathematics, science, and computing. Over the five year pilot period, Ais has evolved to encompass an interdisciplinary approach using the techniques of computational science. Computational science integrates the disciplines of mathematics, science, and engineering and utilizes computers, networking, and scientific visualization to simulate real-world problems. During the pilot project, Ais students from 70 high schools in five states--Alabama, Colorado, Iowa, New Mexico, and
Tennessee--have completed over a thousand scientific investigations using computational science techniques and have developed computational simulations for a wide variety of problems including population growth, weather forecasting, energy consumption, ground water contamination, and tumor growth.
The Ais program embraces many of the ideals expressed in the National Science Education Standards and other educational reforms which have been proposed to engage student learners in effective learning with an emphasis on critical thinking, hands-on problem solving, and independent student research. In addition, a major component of AIS is the use of computing and networking technologies to improve teaching, facilitate learning, and overcome traditional barriers in the classroom.
Background
The Adventures in Supercomputing program is a derivative of an earlier pioneering program developed by Dr. John Ziebarth in Alabama [2] . As an extension to Ziebarth's program, the Ais coordinators defined a classroom environment that mimics the computing environment of a Department of Energy laboratory where K-12 students and teachers use an Internet connection and personal workstations to access shared central computers. Since Ais schools are required to maintain a computational science class, it is critical that schools have access to technical consultants who can assist in trouble-shooting and problem-solving and who are knowledgeable in the Ais program and curriculum. Some teachers in each state have received specialized training which enables them to assist fellow teachers in maintaining their local computational science environment. Additionally, technical support is provided by each state's sponsoring agency. Teacher training modules were designed to support the teachers' professional development in the area of computational science and are in line with the National Science Education Standards guidelines for professional development and teaching science. For example, the modules for the AiS summer institute are focused around learner-centered project development. Computational science modules (programming, network resources, mathematical modeling, and scientific visualization) are introduced in the context of "mini-projects.'' More importantly, teachers form interdisciplinary teams and investigate a number of computational science projects of interest to them.
Another component of Ais is an on-going assessment of the program. Recognizing that the project-based Ais curriculum represented a shift from a teachercentered to a learnercentered classroom, Ais project leaders sought an external assessment team that would employ project-based techniques using technology as an evaluation platform. Because the Center for Children and Technology (CCT) used these techniques, they were selected to assess the Ais program. Recommendations from the results of the yearly assessments were used to modify the teacher training modules [3,4].
In 1995, AiS coordinators formally packaged their summer institute as a set of materials available via the World Wide Web.
The URL for the on-line textbook is: http://ais.cs.sandia.gov/AiS/textbook/textbook.html. The AiS on-line textbook articulates a curriculum that encourages students to work in teams, is learner-centered, and presents an interdisciplinary approach to scientific investigations through computational simulations of real-world problems. In other words, A S embodies the goals and standards put forth in the National Science Education Standards.
Project Development
During the AiS Summer Institute, teachers experience the project development process. Teams of teachers develop several "mini-projects'' to help them understand the scientific approach used to develop and complete projects. The teachers' background knowledge in science and mathematics coupled with the teaching strategies and project development experience gained in the Summer Institute provide them with tools to lead their students through an inquiry-based method of learning science.
A computational science project involves the use of the scientific method and computers to investigate and analyze real-world problems. Through an investigation of a scientific phenomenon, the student develops a mathematical model to explain the physical occurrence.
The first step in project development is selecting a topic. To do so, students explore several areas of interest to them through examination using all avenues of researchWorld Wide Web, interviews with scientists, and library resources. Once a topic is selected, the students continue to do background investigations to narrow the focus and to gain a fuller understanding of the problem. Research becomes an integral and on-going component of the student project. For example, two Tennessee students combined their interest in motorcycle racing with a suggestion from their mentor and selected heat transfer through a motorcycle engine block as the topic of their project.
After the students have completed their background research, they pose their problem definition, transforming the topic into a scientific problem to be investigated and analyzed. This definition establishes an accurate and clear scope of the project and describes the characteristics, limitations, and applications of the problem. In the case of the heat transfer problem, the students narrowed the focus of their problem to the simulation of heat movement through the engine block of a 1986 Kawasaki motorcycle engine.
The next step in the project development process is to develop mathematical and computational models. This critical step is strengthened by students working together in teams, with the support of their teacher and by the assistance of knowledgeable professionals, such as engineers, researchers, professors, teachers, graduate students, and other community members, who serve as scientific mentors. The mathematical model serves as the basis for the computational model. In order to produce scientific results, the students employ various programming techniques to implement the computational model.
With the help of their mentor the students in the heat transfer project developed a mathematical model that divided the engine block into a 29x29 grid. Since Algebra I1 was the highest level mathematics course taken by either student on the team, they used the method of cellular automata and a difference equation to simulate the flow of heat through the engine block. The equation, e(r,c) = [e(r-1 ,c)+e(r+l ,c)+e(r,~-l)+e(r,c+l)]4 calculates the value at each point on the grid. In the equation, e represents the temperature of the engine, r represents the rows in the engine block and c represents the columns in the engine block. Using this mathematical model the students developed a computational model in FORTRAN that simulates the heat dissipation through the engine block. "The program assumed that the initial temperature of the engine block is set at 60 degrees Fahrenheit. The temperature of the cylinder is initialized at 700 degrees while the temperature of the water jacket surrounding the cylinder is placed at 60 degrees and not allowed to rise above 180 degrees. During the process of running the program, one hundred and forty-eight datafiles were created before the temperature of the block reached equilibrium." [5] Like scientists, students analyze their results through data visualization techniques in order to gain a greater understanding of their results. A visual image is often very useful in detecting subtle differences and in identifying trends in data sets. Visualization of the data provides an avenue for data analysis and drawing conclusions. It is important that the students thoroughly understand the images they have produced and are able to explain them to their teacher or mentor. The students must also understand the implications of the data and be able to draw conclusions based on the actual results from their program. Only then can the student return to the original problem and offer a solution based on their results, In the heat flow problem previously described, an animated gif movie was created from a subset of the resulting datasets to represent the flow of heat through the engine. The URL for the project paper is: Specifically, upon completion of their work students provide a full description of their project in a technical paper containing the following elements: abstract-a brief overview or summary of the problem; introduction-including background material; problem description-a complete description of the problem to be solved; method of solution-a detailed description of the procedure used to solve the problem; results of the mathematical and computational models; and conclusions drawn from the results. Since the paper is limited to ten pages [the computer program is not included in the page restriction], the students must also employ their editorial skills.
Presentation skills are enhanced through the annual EXPO where students present the findings of their project. They prepare a technical display and present their project to computational scientists from the Department of Energy laboratories, industry, and education volunteer their time to serve as judges. Project judging takes place in two phases: 1) prior to the EXPO judges evaluate the technical papers, appraising the validity of the model, and the description of the problem; and 2) during the EXPO judges interview the students, asking them questions about all components of their project development. This completes the project development process as the students are able to share their work with others.
Assessment
The success of an inquiry-based project development process for learning science can be well documented through the AiS program. For the past four years CCT has conducted an assessment of the AiS program. Assessment of student learning was done using a videotape of each student, either individually or as a team member, presenting his/her project and answering questions about it. Questions were asked in regard to the project topic, mathematical model, computational model, implementation of these models, and the images and figures generated or displayed in their presentation materials.
Students also discussed their algorithm and demonstrated a critical analysis of the problem. Students were required to explain in detail the model, including any restrictions, and the implications of their results, their conclusions, and the basis for drawing these conclusions.
Videotapes were analyzed to evaluate the quality of student performance with regard to the following criteria:
understanding, critical thinking, clarity, teamwork, and technical competence. CCT reports that over three-fourths of the students interviewed and videotaped were able to create a well-defined project, present and explain it to the questioner, and answer specific questions about the project. They had a clear sense of their problem, how they solved the problem, and the conclusions they drew from the results obtained [4].
Conclusions and Implications
One of the main objectives of the AiS program is to bring the learning of science to a wide range of students -students of both genders, and students of diverse racial, ethnic and socio-economic background. AiS has successfully blended these students so that their gender and background do not determine their success in the program. As stated in the Final Report 1994-1995 from CCT, "Ais is reaching a range of students, of both genders, from different racial, ethnic and socio-economic backgrounds. These factors do not play a role in predicting student successes in the program." [4] Science for all students is the foundation of the National Science Education Standards. The AiS coordinators are convinced that all students can learn science given the opportunity and have designed the Ais curriculum and teaching strategies so that all students are encouraged to participate and excel in the program. Ais has been, for the past five years, helping to bridge the gap that exists between female and minority students and success in technical courses and overcome the inadequacies of traditional programs by providing alternative opportunities for learning and achievement. Historically, female and minority students have not pursued course work and careers in technology-rich fields. The AiS program has actively pursued a curriculum rich in gender and race equity to dispel negative feelings that students have for technical courses. Female and minority students are less likely to feel successful in classes where lecture and large group discussions are the primary means of learning. AiS has met this issue through small group and individual work opportunities. Female and minority mentors and teachers also help to encourage students to a higher level of achievement in science. All students are more likely to succeed in a hands-on minds-on environment. This is the environment envisioned by the initiators of the Ais program and achieved by all those involved in its growth and development. Through problem solving activities that involve real life problems that must be solved with collaboration, guidance from the teacher and a mentor, discussion among team members, and application to their problem at hand, students are able to enjoy the real-world environment of a scientific research laboratory in their day to day science investigations at school. Working in this type of atmosphere leads to an heightened level of critical and logical thinking skills. What a rich opportunity for success!
